Abstract-This paper proposes to analyze the anisotropic SAR response of particular scatterers using a Time-Frequency (T-F) approach. A polarimetric statistical technique is introduced to estimate scattering behavior stability over the T-F domain. A matrix likelihood ratio and a multiple coherence operator are proposed to classify each pixel according to the stationary aspect and coherence of its PolSAR response. A T-F analysis over builtup areas is led and shows that such objects can be better characterized by taking into account their POLSAR and POLinSAR response in the T-F domain .
INTRODUCTION
PolSAR and Pol-inSAR processing techniques generally assume that the sensor has a fixed orientation with respect to objects and illuminates a scene with monochromatic radiations. However, modern high-resolution SAR sensors have a wide azimuth beam width, as well as a large range bandwidth. Variations in the polarimetric signatures due to changes in the azimuthal look angle and in the wavelength commonly remain unconsidered. In this paper, a fully polarimetric two-dimensional time-frequency analysis method is introduced to decompose processed polarimetric SAR images into range-frequency and azimuth-frequency domain. This analysis permits to detect non-stationary and incoherent T-F polarimetric behaviors that may lead to erroneous full resolution image interpretations. In a second time some first results on Pol-inSAR T-F analysis over built-up areas are presented and it is shown that the phase and scattering mechanism associated to the optimum Pol-inSAR polarization state may vary in a significant way over the T-F domain.
II. CLASSIFICATION OF POLARIMETRIC T-F BEHAVIORS

A. Time-Frequency analysis of SAR data
The time-frequency approach developed in this study is based on the use of a two-dimensional windowed Fourier transform. This kind of transformation permits to decompose a twodimensional signal,
, into different spectral components, using a convolution with an analyzing function ) (l g , as follows: This time-frequency approach is applied to processed SAR images, rather than raw data. This type of data is better accessible to common users and generally processed through compensation procedures in order to reduce the effects of acquisition errors. In the frequency domain, an ideal SAR image can be decomposed as follows :
where
correspond to the Fourier transforms of the scene coherent reflectivity, the emitted SAR signal, the focusing reference function and the weighting function, respectively. After correction of potential spectral imbalance due to the antenna pattern and the weighting function, the result of the time-frequency analysis is obtained from the following 2-D inverse Fourier transform may be used to depict, at a lower resolution, the scene behavior over the 2-D frequency domain located in the neighborhood of 0 ω .:
An analysis in range direction may be used to characterize the observed medium reflectivity spectrum, whereas in azimuth frequency is directly related to the observation angle φ as shown in the following relation :
B. Detection of non-stationnary T-F polarimetric media
A statistical analysis of the scene response over independent sub-spectra may be used to detect targets showing non-a stationary T-F behavior by testing the statistics of a Maximum
Each pixel of the SAR image is associated to a set of sample coherency matrices, obtained from the different sub-spectra, i T . It may be shown that, over homogeneous areas, a sample n-look coherency matrix, i T , follows a complex Wishart probability function with n degrees of freedom, ) , (
. A pixel has a stationary behavior if its R sub-spectra coherency matrices i T , with R i ,..., 1 = , follow the same distribution. In this case, the R coherency matrices fulfill the following hypothesis :
The validity of this hypothesis is tested by means of a maximum likelihood ratio Λ , built from the sub-aperture coherency matrices as follows : 
The variable i n represents the number of scattering vectors used to compute the sample coherency matrix i T . The hypothesis is accepted and the target is considered to be isotropic, with an arbitrarily chosen probability of false alarm
. The calculation of the ML ratio statistics was derived by Ferro-Famil et al. from the moment function of the ML ratio [1] [2].
The T-F decomposition technique and the detection of nonstationary media are applied to polarimetric SAR data acquired by the DLR E-SAR sensor, at L band, over the Oberpfaffenhofen test site, Germany, mainly composed of agricultural fields, forest and buildings. The original image resolution is 2m in range and 1m in azimuth, corresponding to an azimuthal variation of the look-angle of approximately 7.5 degrees. The detection results shown in Fig. 1 indicate that a substantial number of pixels have a non-stationary behavior during the SAR integration, especially over built up areas and artificial structures due to the fact that such complex targets and diffracting edges, have scattering characteristics that highly depend on the observation position.
C. Coherent T-F polarimetric objects
A recent study [3] showed that the concept of persistent scatterers could be adapted to the Time-Frequency decomposition of a SAR image over independent sub-spectra. Indeed the SAR response of some resolution cells may be dominated by a strong contribution of a deterministic scatterer whose response is constant over the range and azimuth frequency domains. The presence of such targets can be detected by testing their coherence over independent subspectra. Computing coherence between multiple terms is not straightforward and [3] proposed to estimate a pixel coherent T-F behavior by building a vector . A low entropy indicates a high T-F coherence whereas a high entropy corresponds to low correlation coefficients and is characteristic of random response. The covariance matrices given in (9) depict very different T-F correlation schemes but have the same entropy due to the predominance of one channel intensity. In order to overcome this problem, a new T-F vector, , is now only related to channel correlation, and an unbiased normalized entropy, n H , can be derived. This normalization procedure can be very useful for integrating polarimetric information in the T-F vector, since it is known that the backscattered intensity may vary significantly from one polarimetric channel to the other. Figure 2 contains a normalized entropy image computed over 4 azimuth independent sub-spectra using all polarimetric channels. Highly coherent scattering behaviors may be encountered over buildings edges and point scatters whereas agricultural fields and rough surfaces show a very low coherence.
D. Classification into canonical T-F behaviors
The information about a pixel stationary and coherent behaviors may be gathered into a classification map by simply comparing the likelihood ratio Λ derived in (8) and the normalized entropy, n H , obtained from (10) to adequate thresholds.
The results displayed in Fig. 3 describe interesting T-F properties of the different types of scatterers encountered over the scene. Pixels labeled as class 1 have a stationary incoherent scattering behavior and correspond to isotropic distributed media affected by a fully developed speckle. Class 2 contains scatters with strongly varying characteristics that are found to be non stationary and incoherent. Such behavior may be associated to very complex structures or partly shadowed objects. Class 3 corresponds to stationary and coherent scatterers showing an almost deterministic and stable response.
Class 4 corresponds to the most untypical combination since it contains non stationary pixels that remain coherent over the T-F domain. Our interpretation of this particular behavior is that such scatters have a strong deterministic response whose amplitude, or span, is modulated during the SAR integration due to orientation effects. The decorrelation between amplitude variations and coherence in the calculation or the normalized entropy permits to exhibit such a behavior. It has already been shown in former studies that buildings and complex structures could show strongly varying polarimetric behaviors in the T-F domain. Some of these changes were due to orientation effects and other were related to frequency selective scattering behavior. Such variations were demonstrated using the well known H and α parameters derived from the decomposition theorem presented in [4] . The recent joint use of polarimetric and interferometric information permitted to improve the understanding of scattering and physical parameter retrieval possibilities over forested areas [5] , but also in urban remote sensing applications [6] . The results shown in Fig. 4 depict the influence of the azimuthal observation angle on building Pol-inSAR characteristics. The interferometric phase and the alpha parameter of the first optimal polarization state, described in [5] are presented for two azimuthal sub-spectra and for the full resolution case. It can be seen in Fig. 4 that the nature of the optimal scattering mechanism as well as its phase center location may vary in a significant way. This is mainly due to the change of relative amplitude between single and double bounce reflections that characterize building response at L band.
An application exploiting this sensitivity T-F diversity will be presented during the conference. Time-Frequency analysis of fully polarimetric SAR data is an interesting and important way to characterize the scattering behavior of many kinds targets. As shown in this paper, scatterers may show combined non stationary and non coherent behaviors during SAR integration. Particularly, the characterization of buildings using full resolution data can be influenced by azimuth or range T-F variations due to changes in the nature of the scattering mechanism.
